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©  Self-contained  sealing  ring  assembly. 

©  A  segmented  carbon  seal  assembly  for  mount- 
ing  into  a  machined  housing  around  an  application 
runner  includes  a  segmented  carbon  seal  ring,  and 
an  annular  outer  shell  radially  outside  and  surround- 
ing  the  segmented  seal,  an  annular  retainer  plate 
retained  by  the  outer  shell,  drive  lugs  formed  in  the 
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1.  Field  of  the  Invention 

The  invention  relates  to  a  segmented  seal,  and 
more  specifically,  to  a  self-contained  seal  ring  as- 
sembly. 

2.  Description  of  Related  Art 

Segmented  carbon  seals  are  frequently  used 
on  main  shafts  of  aircraft  gas  turbine  engines  or  on 
other  industrial  gas  turbines.  Eventually,  when  the 
segmented  seal  wears  sufficiently  for  overhaul  and 
repair,  the  interior  portions  of  a  complete  seal  as- 
sembly  are  removed  and  then  installed  in  pieces: 
coil  springs,  washers,  retainers  and  the  carbon  seal 
ring  segments.  Where  installation  of  these  compo- 
nents  is  difficult  due  to  the  location  of  the  seal 
housing  within  the  engine,  it  may  be  necessary  to 
remove  a  complete  seal  assembly  at  great  ex- 
pense.  Furthermore,  even  if  it  is  not  necessary  to 
remove  the  complete  assembly,  typical  replace- 
ment  times  are  on  the  order  of  2-4  hours.  When 
that  repair  time  is  projected  over  several  thousand 
gas  turbine  engines,  manpower  maintenance  ex- 
penses  become  significant. 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  seal  assembly  which  greatly  reduces  the 
time  required  for  seal  replacement.  It  is  a  further 
object  of  the  invention  to  provide  a  seal  assembly 
in  which  the  pieces  of  the  seal,  are  contained  in 
assembled  order.  It  is  still  a  further  object  of  the 
invention  to  provide  an  assembly  that  allows  for 
easy  removal  of  the  used  seal. 

To  achieve  the  objects  and  in  accordance  with 
the  purpose  of  the  invention,  as  embodied  and 
broadly  described  herein,  the  invention  comprises 
a  seal  assembly  for  mounting  into  a  housing  ar- 
ound  an  application  runner,  the  assembly  compris- 
ing:  a  seal  ring  including  a  front  radially-oriented 
sealing  face;  an  annular  outer  shell  surrounding  the 
seal  ring;  means  for  holding  the  seal  ring  within  the 
outer  shell,  the  means  including  an  annular  retainer 
plate  fit  within  the  outer  shell  and  behind  the  seal 
ring;  and  means  for  preventing  the  rotation  of  the 
seal  ring  relative  to  the  annular  outer  shell. 

Preferably,  the  seal  ring  includes  a  primary 
sealing  surface  being  a  radially-inner  axially-ori- 
ented  surface.  Further  preferably,  the  seal  ring  is 
made  from  a  plurality  of  segments  and  the  seal 
assembly  further  comprises  a  garter  spring  holding 
the  segments  together.  Further  preferably,  the 
holding  means  comprises  the  annular  retainer  plate 
and  a  plurality  of  fingers  fixed  to  the  annular  outer 
shell  and  projecting  into  pockets  formed  in  the  seal 
ring,  and  the  means  for  preventing  rotation  com- 

prises  the  plurality  of  fingers. 
Additional  objects  and  the  advantages  of  the 

invention  will  be  set  forth  in  part  in  the  description 
which  follows,  and  in  part  will  be  obvious  from  the 

5  description,  or  may  be  learned  by  practice  of  the 
invention.  The  advantages  of  the  invention  will  be 
realized  and  attained  by  means  of  the  elements 
and  combinations  particularly  pointed  out  in  the 
appended  claims. 

10  It  is  to  be  understood  that  both  the  foregoing 
general  description  and  the  following  detailed  de- 
scription  are  exemplary  and  explanatory  only  and 
are  not  restrictive  of  the  invention  as  claimed. 

The  accompanying  drawings,  which  are  incor- 
75  porated  in  and  constitute  a  part  of  this  specifica- 

tion,  illustrate  an  embodiment  of  the  aspects  and 
features  of  the  invention,  and  together  with  the 
description,  serve  to  explain  the  principles  of  the 
invention. 

20 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  depicts  a  segmented  carbon  seal  ring 
made  according  to  the  present  invention. 

25  Figure  2  depicts  one  segment  of  the  carbon 
seal  ring  of  the  present  invention. 

Figure  3  depicts  a  side  view  of  the  carbon  seal 
ring  segment  taken  along  the  direction  Ill-Ill  shown 
in  Fig.  2. 

30  Figure  4  depicts  a  cross-sectional  view  of  the 
segmented  carbon  seal  at  a  spring  hole. 

Figure  5  depicts  the  assembly  of  the  seal  of 
the  present  invention  prior  to  installation  into  a 
machined  housing  or  gland,  over  a  shaft. 

35  Figure  6  depicts  the  assembly  of  the  seal  of 
the  present  invention  during  installation  into  a 
machined  housing  or  gland,  over  a  shaft. 

Figure  7  depicts  the  assembly  of  the  seal  of 
the  present  invention  after  installation  into  a 

40  machined  housing  or  gland,  over  a  shaft. 
Figure  8  depicts  an  alternative  embodiment  of 

the  assembly  of  the  seal  of  the  present  invention 
after  installation  into  a  machined  housing  or  gland, 
over  a  shaft. 

45 
DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

Reference  will  now  be  made  to  the  presently 
so  preferred  embodiment  and  implementation  of  the 

invention,  as  illustrated  in  the  accompanying  draw- 
ings.  Whenever  possible,  the  same  reference  num- 
bers  will  be  used  throughout  the  drawings  to  refer 
to  the  same  or  like  parts. 

55  A  seal  assembly  of  the  invention  includes  a 
segmented  carbon  seal  ring  10,  shown  in  Fig.  1. 
The  seal  ring  has  as  its  primary  sealing  surface  12 
the  radially-inner  surface  or  circumference  of  ring 
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10.  As  shown  in  Fig.  7,  surface  12  seals  against  the 
application  runner  48  (normally  a  shaft)  when  the 
seal  is  operating.  Axially-front  face  14  serves  as  a 
secondary  sealing  face  against  the  machine  hous- 
ing  into  which  the  seal  ring  is  installed. 

As  shown  best  in  Fig.  1  ,  the  segmented  seal  is 
made  up  of  multiple  seal  segments  16  (one  of 
which  is  shown  in  Fig.  2)  with  a  dam  pattern 
ground  on  their  sealing  surfaces.  The  segments  in 
the  preferred  embodiment  are  made  from  carbon. 
As  shown  In  Fig.  2,  the  inner  portion  18  of  each 
seal  segment  creates  sealing  face  14  which  serves 
as  a  dam  to  any  leakage.  Radially  behind  the  inner 
portion  18,  a  relief  channel  17  is  formed  in  the  face 
of  the  ring.  The  channel  included  an  arcuate  por- 
tion  formed  in  the  middle  of  face  and  several  radial 
relief  channels  19.  The  arcuate  portion  of  channel 
17  does  not  extend  over  the  entire  length  of  the 
segment.  As  a  result,  each  segment  forms  a  dam 
along  its  entire  length.  Preferably,  the  number  of 
segments  16  in  the  carbon  seal  ring  10  varies  with 
the  diameter  of  the  ring.  For  example,  a  four  (4) 
inch  diameter  seal  ring  is  preferably  constructed  of 
three  segments,  while  larger  rings  are  preferably 
made  of  4-6  segments. 

As  can  be  seen  best  from  Fig.  3,  each  of  the 
sealing  segments  have  wedges  22  formed  at  each 
end.  As  shown  generally  in  Fig.  1,  when  the  seg- 
ments  are  placed  together  to  form  a  seal  ring,  the 
ends  of  the  segments  meet  at  wedge-shaped 
joints.  The  segments  are  then  held  in  place  by  way 
of  garter  spring  24.  The  garter  spring  fits  into 
groove  26  (best  shown  in  Fig.  4)  which  is  formed 
on  the  exterior  surface  of  the  seal  ring  segment. 

As  shown  in  Fig.  4,  each  segment  has  a  plural- 
ity  of  axially-oriented  spring  holes  28  formed  in  the 
seal  ring  surface  opposite  secondary  sealing  face 
14.  These  holes  serve  to  hold  coil  springs  as  will 
be  discussed  later.  It  is  desirable  to  have  two  to 
three  spring  holes  per  segment.  Furthermore,  as 
shown  in  Fig.  2,  each  seal  segment  16  has  one  or 
more  pockets  20  formed  in  the  outer  circumference 
of  the  segment  opposite  sealing  face  12. 

In  accordance  with  the  invention,  the  seal  as- 
sembly  shown  prior  to  installation  generally  as  32 
in  Fig.  5  includes  an  annular  outer  shell  30.  The 
outer  shell  has  a  plurality  of  drive  lugs  34  formed 
about  its  circumference.  These  drive  lugs  take  the 
shape  of  axially-elongated  elevations  or  ribs  ex- 
tending  from  the  radially-outer  surface  or  circum- 
ference  of  the  shell. 

In  accordance  with  the  invention,  the  seal  as- 
sembly  further  includes  an  annular  retainer  plate  36 
which  is  preferably  press  fitted  into  shell  30.  As 
shown  in  Fig.  5,  shell  30  has  an  inner  annular 
recess  29  formed  in  its  inner  circumference,  and 
the  retainer  plate  36  ultimately  rests  in  recess  29 
and  fits  against  ledge  31  formed  by  the  recess.  As 

a  result,  the  retainer  plate  36  seats  against  ledge 
31  and  cannot  slide  beyond  the  ledge.  As  an 
alternative  to  press  fitting,  once  the  seal  ring  is  in 
place  within  the  shell  30,  the  retainer  plate  may  be 

5  welded  or  attached  by  other  means  as  known  in 
the  art.  The  retainer  plate  is  annular  in  shape  and 
extends  from  outer  shell  30  radially  inward  past  the 
point  corresponding  to  spring  holes  28  in  the  car- 
bon  segmented  ring  10.  Furthermore,  the  retainer 

10  plate  is  preferably  designed  with  means  for  facili- 
tating  removal  of  the  assembly  which  comprises  a 
groove  38  into  which  a  tool  can  be  inserted  for 
pulling  on  the  seal  assembly  in  order  to  remove  it 
from  around  the  shaft.  Alternatively,  puller  threads 

75  may  be  formed  in  the  retainer  to  allow  it  to  be 
removed. 

Coil  springs  35  are  placed  in  the  spring  holes 
in  the  segmented  seal  and  rest  against  the  retainer 
plate  36.  These  springs  serve  to  seat  the  secon- 

20  dary  sealing  face  14  against  housing  50  when  the 
seal  operates. 

In  accordance  with  the  invention,  means  are 
provided  for  preventing  the  carbon  segmented  seal 
from  rotating  within  the  outer  shell.  Preferably,  the 

25  means  for  preventing  rotation  comprises  fingers  40 
extending  into  pockets  20  formed  in  the  seal  ring 
segments.  These  fingers  40  are  formed  as  part  or 
fixed  to  the  annular  outer  shell  30  (for  example,  by 
welding).  As  shown  in  Fig.  2,  pocket  20  has  a 

30  bulbously-shaped  radially-inner  area  21  which  ac- 
cepts  an  anti-rotation  finger  40.  The  cooperating 
finger  40  and  area  21  serve  to  lock  the  finger  in 
place  and  maintain  the  ring  at  its  free  height. 
Alternatively,  instead  of  fingers,  round  or  blade  pins 

35  54  may  be  designed  to  extend  from  the  retainer 
plate  36  and  be  pressed  into  the  segmented  seal 
ring,  as  shown  in  Fig.  8. 

The  invention  also  includes  an  installation 
sleeve  to  assist  in  the  installation  of  the  seal  ring 

40  assembly.  As  shown  in  Fig.  5,  installation  sleeve  42 
is  annular  and  has  an  "L"  shaped  cross-section. 
The  axially  parallel  portion  of  the  "L"  provides  a 
surface  on  which  the  seal  ring  may  slide.  The 
axially-orthogonal  portion  44  of  the  "L"  provides  an 

45  area  which  can  be  pulled  in  order  to  remove  the 
sleeve  after  installation.  Furthermore,  the  installa- 
tion  sleeve  has  a  notch  46  in  its  front  end  which  fits 
over  application  runner  48  during  installation,  as 
shown  in  Fig.  6. 

50  As  seen  in  Fig.  5,  the  invention  is  assembled 
by  attaching  fingers  40  to  shell  30,  if  that  are  not 
already  formed  as  part  of  the  shell.  The  seal  seg- 
ments  16  are  assembled  into  seal  ring  10,  and 
garter  spring  24  is  placed  around  the  segments. 

55  Then,  coil  springs  35  are  placed  in  spring  holes  28. 
Retainer  plate  36  is  now  press  fit  or  welded  into 
shell  30.  Finally,  installation  sleeve  42  is  slid  inside 
of  seal  ring  10.  Garter  spring  24  allows  ring  10  to 

3 
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expand  in  order  to  accommodate  the  dimensions  of 
sleeve  42. 

In  operation,  as  shown  in  Fig.  6,  notch  46  of 
installation  sleeve  42  is  placed  over  application 
runner  or  shaft  48.  The  seal  assembly  shown  gen- 
erally  as  32  is  pushed  forward  onto  shaft  48.  Once 
the  seal  assembly  is  positioned  on  the  shaft,  the 
segments  contract  into  place.  As  can  be  seen  in 
Fig.  7,  drive  lugs  34  fit  into  drive  lug  recesses  or 
retainers  50  formed  in  the  machine  housing,  and 
the  secondary  sealing  face  14  rests  against  the 
machine  housing  50.  A  nut  or  other  retainer  52  in 
secured  to  hold  the  seal  assembly  in  place.  The 
recesses  and  lugs  are  formed  so  that  when  the 
lugs  are  fully  seated  in  the  recesses,  outer  shell  30 
and  associated  fingers  40  are  axially  spaced  from 
the  face  60  of  the  housing.  Nut  52  places  an  axial 
force  on  retainer  plate  36,  and  the  retainer  plate  in 
turn  presses  outer  shell  30  to  the  left  and  holds  it 
in  place.  The  segmented  seal  ring  10  presses 
against  housing  50  and  compresses  springs  35  and 
thereby  spaces  the  inside  of  pockets  20  from  the 
right-side  of  fingers  40.  Additionally,  garter  spring 
24  is  spaced  from  the  shell  30.  The  seal  ring,  once 
installed,  floats  radially  between  fingers  40  and 
retainer  plate  36. 

If  it  is  desired  to  remove  the  seal  to  replace  it, 
nut  or  retainer  52  in  removed  and  the  entire  as- 
sembly  is  pulled  from  the  housing  using  groove  38. 
Then  a  new  assembly  can  be  put  in  place  using  an 
installation  sleeve. 

Use  of  an  assembly  according  to  the  invention 
can  reduce  seal  replacement  time  from  the  prior  art 
2-4  hours  to  less  than  1  hour  in  virtually  every 
case.  Thus,  substantial  manpower  savings  are 
available  with  this  invention. 

It  will  be  apparent  to  those  skilled  in  the  art  that 
various  modifications  and  variations  could  be  made 
to  the  invention  without  departing  from  the  scope 
or  spirit  of  the  invention. 

Other  embodiments  of  this  invention  will  be 
apparent  to  those  skilled  in  the  art  from  consider- 
ation  of  the  specification  and  practice  of  the  inven- 
tion  disclosed  herein.  It  is  intended  that  the  speci- 
fication  and  examples  be  considered  as  exemplary 
only,  with  the  true  scope  and  spirit  being  indicated 
by  the  following  claims. 

Claims 

1.  A  seal  assembly  for  mounting  into  a  housing 
around  an  application  runner,  the  assembly 
comprising: 

a  seal  ring  including  a  front  radially-ori- 
ented  sealing  face; 

an  annular  outer  shell  surrounding  said 
seal  ring; 

means  for  holding  said  seal  ring  within 

said  outer  shell, 
said  means  including  an  annular  retainer  plate 
fit  within  said  outer  shell  and  behind  said  seal 
ring;  and 

5  means  for  preventing  the  rotation  of  said 
seal  ring  relative  to  said  annular  outer  shell. 

2.  A  seal  assembly  as  claimed  in  claim  1  wherein 
said  seal  ring  is  made  from  a  plurality  of 

w  segments  and  said  seal  assembly  further  com- 
prises  a  garter  spring  holding  said  segments 
together. 

3.  A  seal  assembly  as  claimed  in  claim  1  wherein 
is  said  holding  means  comprises  said  annular 

retainer  plate  and  a  plurality  of  fingers  fixed  to 
said  annular  outer  shell  and  projecting  into 
pockets  formed  in  said  seal  ring. 

20  4.  A  seal  assembly  as  claimed  in  claim  3  wherein 
said  means  for  preventing  rotation  comprises 
said  plurality  of  fingers. 

5.  A  seal  assembly  as  claimed  in  claim  2  wherein 
25  said  means  for  preventing  rotation  comprises  a 

plurality  of  pins  extending  from  the  retainer 
plate  into  said  segmented  seal. 

6.  A  seal  assembly  for  mounting  into  a  housing 
30  around  an  application  runner,  the  assembly 

comprising: 
a  seal  ring  having  a  radially-outer  surface, 

at  least  one  aperture  formed  in  said  seal  ring, 
a  primary  sealing  face  in  the  form  of  a  radially- 

35  inner  surface,  a  secondary  sealing  face  at  one 
axial  end  of  said  seal  ring,  and  a  plurality  of 
holes  formed  in  the  other  axial  end  of  said  seal 
ring; 

an  annular  outer  shell  surrounding  said 
40  seal  ring,  said  shell  having  at  least  one  drive 

lug  formed  on  an  outer  surface  thereof,  said 
drive  lug  adapted  for  engaging  said  machine 
housing  so  that  said  shell  will  not  rotate; 

a  annular  retainer  plate  press  fit  within  said 
45  outer  shell  and  having  a  plate  surface  adjacent 

said  holes  formed  in  said  seal  ring; 
a  plurality  of  coil  springs  located  in  said 

holes,  said  springs  extending  toward  and  rest- 
ing  against  said  plate  surface;  and 

50  a  plurality  of  fingers  extending  from  said 
outer  shell,  said  fingers  extending  into  aper- 
tures  formed  in  said  seal  ring. 

7.  The  assembly  as  claimed  in  claim  6  further 
55  comprising  means  for  facilitating  the  removal 

of  the  assembly  in  order  to  replace  said  seal. 

8.  The  assembly  as  claimed  in  claim  7  wherein 

i 
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said  means  for  facilitating  the  removal  com- 
prises  an  annular  grove  formed  in  said  retainer 
plate,  said  groove  adapted  for  being  engaged 
for  pulling. 

5 
9.  The  seal  assembly,  as  claimed  in  claim  6, 

wherein  said  seal  ring  is  segmented. 

10.  The  seal  assembly,  as  claimed  in  claim  9, 
wherein  a  garter  spring  extends  around  said  10 
seal  ring  and  pressingly  engages  said  outer 
surface. 

11.  An  installation  kit  for  mounting  a  seal  ring 
around  an  application  runner,  the  installation  kit  75 
comprising: 

a  segmented  seal  ring  made  from  a  plural- 
ity  of  segments; 

a  garter  spring  for  holding  said  segments 
together,  whereby  the  segmented  seal  ring  can  20 
expand  in  diameter  and  resiliently  return  to  its 
original  size; 

an  annular  outer  shell  surrounding  said 
seal  ring; 

means  for  holding  said  seal  ring  within  25 
said  outer  shell,  said  means  including  an  an- 
nular  retainer  plate  fit  within  said  outer  shell 
and  behind  said  seal  ring; 

means  for  preventing  the  rotation  of  said 
seal  ring  relative  to  said  annular  outer  shell;  30 
and 

an  elongated  annular  installation  sleeve 
over  which  the  assembly  of  said  seal  ring,  said 
annular  shell  and  said  annular  retainer  plate  fit; 

whereby  the  assembly  can  be  slid  from  35 
said  installation  sleeve  onto  the  application 
runner  where  the  segments  of  the  seal  ring 
form  a  continuous  sealing  face. 

40 

45 

50 
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